Trophic guilds are useful concepts for advancing our knowledge of trophic structure of communities, dynamics of species interactions, redundancy in ecosystem services, resilience to disturbances, response to climate change, conservation strategies, etc. For insectivorous bats, current literature suggests 8 trophic-related guilds. These include 3 guilds based on the openness of foraging areas, 3 based on the style of feeding, and 2 recently proposed subguilds among gleaners. Some gleaners are "passive," using densely cluttered vegetation in which echolocation is ineffective, and others are "actively" gleaning, using echolocation to procure prey. None of these guilds is based on the actual diets of bats. We analyzed 33 reports of diet composition representing 51 species of arthropod-feeding bats inhabiting North and Central America. We wanted to determine if the classical guild structure was concordant with the actual diets of bats and to compare guild structure in the Nearctic with that in the Neotropics. Discriminant function and principle component analyses generated 5 groups of genera based on the proportion of various arthropod taxa (mainly orders) in their diets. These groups were very different from classical guilds and showed almost no overlap among bat genera between the 2 continental regions. A similar analysis based on prey flying ability and hardness of their exoskeletons suggested 4 guilds that were more consistent with classical guild concepts, had higher rates of unambiguous guild assignment, and also showed major continental differences. Our results suggest a new arrangement of 4 guilds for arthropod-feeding bats in North and Central America that are based primarily on 2 features of their prey. New molecular techniques should allow us to build on this arrangement by significantly improving the taxonomic level of prey identification.
IntroductIon
The guild concept, first proposed by Root (1967) , has been useful in community ecology as a way to group species that share comparable roles and niche dimensions. Such groupings may aid in analyzing patterns of species interactions (coactions) and therefore help to identify competitive networks, redundant roles with respect to ecosystem services, and the intricacies of food webs (Simberloff and Dayan 1991; Blaum et al. 2011) . Seven feeding associations are recognized in bats: piscivory, sanguivory, nectarivory, frugivory, omnivory, carnivory, and insectivory (McNab 1971; Bonaccorso 1979; Fenton 1990) . Insectivory is known to be the ancestral feeding behavior of bats (Freeman 2000) , and while this diet type is generally referred to as insectivorous, it includes, in addition to the Class Insecta, species in the Classes Arachnida, Chilopoda, and Diplopoda (e.g., Whitaker and Findley 1980; Humprey et al. 1983; Johnston and Fenton 2001; Moosman et al. 2007 ; Lenhart et al. 2010) . For this reason, we consider arthropodivory to be the best term to refer to this feeding habit. Exclusive or supplemental arthropod predation characterizes 75% of bat species and 50% of the world's bat genera (Wilson 1973; Hutson and Mickleburgh 2001) . The ubiquity and efficiency of these flying predators has resulted in many of the insectivorous species being considered beneficial to humans owing to their ecological importance as efficient biocontrol agents (Cleveland et al. 2006; Boyles et al. 2011; Kunz et al. 2011) .Various authors have proposed that bat guilds should include 3 components: the general habitat type in which the species usually occurs, the vegetation stratum in which foraging typically occurs, and diet composition (Kalko et al. 1996; Schnitzler and Kalko 2001; Giannini and Kalko 2004) . Accordingly, 6 categories of guilds have been defined for insectivorous (arthropodivorous) bats. Three of these are based on the type of foraging habitat: uncluttered open space, moderately cluttered ground cover, and highly cluttered foliage. Three more categories are based on the way that prey are captured (aerial searching, trawling, and gleaning; Schnitzler and Kalko 2001) . Denzinger and Schnitzler (2013) propose 2 new subcategories for gleaning bats, namely a passive mode in which bat species have no chance to distinguish prey echolocation signals among the dense clutter of echoes from the background vegetation, and an active mode in which echolocation signals allow them to find their prey even in cluttered areas. It is noteworthy that none of these 8 guild criteria considers diet composition, even though diet is ostensibly an essential component of a species' niche and is likely to play a major role in its community functions.
In the absence of field data that document these various proposed criteria for guild assignments, placement of many bat species into guilds has been done according to phylogenetic affinity (Denzinger and Schnitzler 2013) . Features used for this are based mainly on morphological traits and echolocation patterns. These data are assumed to accurately predict the trophic guild, including diet particulars (Fenton 1982 (Fenton , 1990 Norberg and Rayner 1987; Kalko and Schnitzler 1998) . This grouping system considers wing morphology and echolocation to be major intrinsic determinants of the feeding patterns in bats (Fenton 1974 (Fenton , 1990 Freeman 1981; Findley and Wilson 1982; Aldridge and Rautenbach 1987; Norberg and Rayner 1987; Willig and Moulton 1989) . For example, bats with long, narrow wings are assumed to have faster flying speeds and therefore use the open areas above the vegetation (Norberg and Rayner 1987; Freeman 2000) . On the other hand, bats with short and broad wings will fly slower and are more maneuverable. Therefore, they are assumed to use more closed habitats, because they can avoid colliding with vegetation (Fenton 1974 (Fenton , 1990 Norberg and Rayner 1987) . With respect to echolocation, gleaning species of bats produce calls of low intensity, broadband widths, and short duration (Schmidt 1988; Schnitzler and Kalko 2001) . These features adapt them for hunting in areas where dense vegetation causes much reflection of calls (Razak et al. 2006; Holderied et al. 2011) . In contrast, species that hunt in open areas have calls with longer intervals between pulses and longer pulses. This allows them to find insects over long distances without interference from reflected echolocation sounds (Neuweiler 1989; Waters and Jones 1995; Schnitzler and Kalko 2001) .
Echolocation call characteristics are often associated with the prey type that bats hunt. Traditionally, high consumption of moths is associated with aerial-feeding bats that have echolocation frequencies outside the hearing range of the moths (Fenton and Fullard 1981; Rydell et al. 1995; Fenton et al. 1999; Surlykke and Kalko 2008) . Likewise, consumption of apterous arthropods (Arachnida, Chilopoda, and Diplopoda) is considered typical of gleaning bats (Fenton 1974; Freeman 1981; Findley and Wilson 1982; Norberg and Rayner 1987; Willig and Moulton 1989) , because these species hunt in cluttered space and are more likely to encounter these nonflying types of prey (Nyffeler and Knörnschild 2013) . In general, research on echolocation in bats suggests that prey selection is strongly related to the morphology, behavior, and locations of arthropod prey (Kober and Schnitzler 1990; Dechman et al. 2006; Zeng et al. 2011 ). However, the relationship between actual diet composition and the often used guild classification of insectivorous bats has been little investigated. Recently, Emrich et al. (2013) have compared the diets of 6 Jamaican bat species from different guilds using molecular techniques. Their results confirm that morphology and echolocation behavior do correlate with differences in habitat use and diet and thus support the assumption that prey selection is strongly related to morphology, behavior, and location of arthropod prey (Kober and Schnitzler 1990; Dechman et al. 2006; Zeng et al. 2011 ). Moreover, their improved techniques for prey identification promise to facilitate future documentation of what bats actually do eat.
Another reason for improving our understanding of actual diets of bats is to advance our knowledge of interactions among coexisting species. For example, competition theory posits that coexistence requires 2 species to make differential use of available resources (Hutchinson 1957; Schöener 1983; Arlettaz et al. 1997) . Food resources are likely candidates for such negative interactions, and overlap needs to be accurately quantified. Trophic guild structure of bat communities is a convenient way to organize such information. We need to go beyond using surrogates for diet such as foraging strata to define guilds, a problem shared with formulating trophic guilds for birds (Root 1967) . We suggest exploring the trophic guild concept, if based on actual diets, to determine if it can be used for grouping species in a way that is useful for analyzing functional roles of bats in their communities (Landres and MacMahon 1980; McNally 1983; Willig and Moulton 1989; Simberloff and Dayan 1991; Blaum et al. 2011) .
Finally, we wish to examine trophic guild structure in a geographical context as it may vary across our study area of North and Central America. The Western Hemisphere supports the greatest diversity of microchiropteran bats in the world (Hutson and Mickleburgh 2001) , with the greatest concentration being in tropical areas (Patterson et al. 2003; Klingbeil and Willig 2009) . This is of course a common geographical pattern shown in many other groups (Proches 2005) . It has been reported that regional features such as topography, climate, and biome type and configuration all influence the availability of resources for bats and are therefore correlated with the composition of bat trophic guilds (Parker et al. 2001; Clarke et al. 2005; Presley and Willig 2010; López-González et al. 2012) . These guilds have, in turn, been used as a basis for describing the composition of bat faunas at different spatial scales (McNab 1971; Fenton and Bell 1979; Bonaccorso 1979; Fenton 1990; Kalko et al. 1996; Giannini and Kalko 2004) . Some guilds such as gleaning have been used by Klingbeil and Willig (2009) to identify forest fragmentation because gleaning bats are particularly responsive to landscape configuration.
The goals of this report are 1) to test widely accepted assumptions about how the diets of arthropod-feeding bats are correlated with currently accepted guild assignments; 2) to explore whether our current guild classification of 6 to 8 types can be improved so as to better reflect both foraging habits and diet; 3) to determine if the array of bat guilds is similar across North and Central America; and 4) to determine if bats in the same traditional guild but occurring in different geographic regions have the same guild membership based on diet.
MaterIals and Methods
This analysis is based on data extracted from 33 articles reporting the diet for 51 species of insectivorous bats (Supporting Information S1). All articles describe composition of diet using Whitaker's (1988) method that involves determining percent volume made up of exoskeletons of various prey species in feces or intestinal contents. These investigations were done in 2 regions of the Western Hemisphere: Neotropical America (NT; México to Panama) and the Nearctic region (NA; México to Canada). Assignments of bats to traditional trophic guilds were based on criteria in Wilson (1973) , Barclay and Brigham (1991) , and Schnitzler and Kalko (2001) .
Prey data are presented at the ordinal level, except for Classes Arachnida and Chilopoda, for which taxonomic levels used are described in Supporting Information S2. Those studies that reported more than 10% of prey as undetermined were not included in analyses. Additionally, percentages of each taxon consumed were grouped according to their mode of locomotion and hardness of their exoskeletons. These groupings were based on classification criteria for food quality of terrestrial arthropods according to Poff et al. (2006) . Six overlapping categories of prey types were formulated: 1) apterous arthropods such as Arachnida and Chilopoda; 2) weak-flying species (Dictyoptera, Ephemeroptera, Isoptera, Lepidoptera, Neuroptera, Orthoptera, Plecoptera, Psocoptera, and Trichoptera); 3) strong flyers (Coleoptera, Hemiptera, Homoptera, Hymenoptera, and Odonata); 4) weakly sclerotized (soft bodies sensu Poff et al. 2006 ; Lepidoptera, Ephemeroptera, Plecoptera); 5) medium sclerotized forms (Diptera, Hymenoptera, Isoptera, Neuroptera, Odonata, and Psocoptera); and 6) heavily sclerotized species (Arachnida, Chilopoda, Coleoptera, Dictyoptera, Hemiptera, Homoptera, Orthoptera, and Trichoptera). For each of the 51 bat species in the study, arthropod taxa that were present in less than 2% of the diet were not included in the analysis (Supporting Information S2).
We calculated the mean and standard error of consumption for each category of prey, based on the type of locomotion and exoskeleton hardness, for bats in each continental region separately. We used Welch's t-test (α < 0.05) to determine if the means of 2 samples with unequal variance were statistically different (Ruxton 2006) . The consumption means for each order of arthropod were then tested for differences among the 2 continental regions.
Bat diet composition was analyzed at the generic level. For each genus of bat, we calculated the mean and standard deviation for all 6 prey characteristics (hardness and vagility; see Supporting Information S2). Average percentage of prey of each type consumed was standardized using log (n + 1) function. Principal component analyses were performed to describe the consumption patterns (James and McCulloch 1990; Jackson 1993 The 1st analysis was based on proportions of orders of consumed arthropods, and the 2nd was based on the prey characteristics of hardness and vagility. Data were statistically analyzed by factor analysis using a varimax-rotated empirical orthogonal function that was the Pearson correlation coefficient (Grossman et al. 1991) . The main components with the highest eigenvalues of greater than or equal to 1 were considered significant in explaining variability in the data. Variables with load factors ≥ ± 0.7 were considered as explanatory to determine the influence of variables within each major component (James and McCulloch 1990; Jackson 1993) .
After determining groups resulting from the 2nd principal component analysis (with prey characteristics), we performed 2 discriminant function analyses, 1 for each of the types of prey characteristics. It was necessary to verify a set of variables that are effective in predicting category membership. This is because prey characteristics of hardness and vagility are dependent variables. We calculated a squared distance function (Mahalanobis distance) to estimate the magnitude of differences between groups in multivariate space. All analyses were performed in Statistica 7 (StatSoft Inc 2004).
results
The diets of 51 species of bats from 6 families were analyzed, 31 species from the Nearctic and 20 species from the Neotropics. This total included: 1 species of Noctilionidae, 7 species of Molossidae, 2 of Mormoopidae, 10 of Phyllostomidae, and 31 of Vespertilionidae (see Supporting Information S2). There was only 1 case in which data were found for the same genus (but different species) in both regions (Myotis). The most common orders of Arthropoda found in the diets of bats in our study area are Coleoptera, Diptera, Hemiptera, and Lepidoptera. Of the 51 bat species studied, 92.6% of them had eaten prey in the Order Coleoptera.
The highest percentages of average prey volume consumed in the Nearctic are Lepidoptera (51.4% ± 8.89), Coleoptera (18.3% ± 5.24), and Homoptera (6.1% ± 1.93). Lesser percentages were found for Hymenoptera (4.5% ± 1.33), Hemiptera (4.5% ± 1.60), Diptera (3.9 % ± 1.70), and Orthoptera (3.4% ± 2.22). All other orders had averages of 3% or less of total consumption (Fig. 1) . In relation to the prey characteristics (Fig. 2) , the greatest consumption in the Nearctic was for weak flyers (58.3% ± 7.5) and those with weakly sclerotized exoskeletons (51.6% ± 8.87). In the Neotropics, most consumed prey were Coleoptera (51.7% ± 7.8), Diptera (14.3% ± 4.78), and Lepidoptera (8.5% ± 4.48). The least consumed groups were the Order Homoptera (5.3% ± 2.76) and Class Arachnida (5.0% ± 3.29). The preferred characteristics in the Neotropics were strong flyers (73.3% ± 6.42) and those heavily sclerotized (65.9% ± 6.8). Welch's t-test indicated significant differences between the Nearctic and Neotropics in 4 of 6 prey characteristics (Table 1) .
The 3 principal component axes of arthropod taxa consumed by bats have eigenvalues greater than 1. The first of these summarizes consumption of Coleoptera and Lepidoptera, the second of Hymenoptera and Homoptera, and the third of Orthoptera (load factors ≥ ± 0.7; Fig. 3A ; Table 2 ; Supporting Information S3). Analyses of bat genera from Nearctic and Neotropical areas show that they are distinct in the prey that they are using. The majority of Neotropical bats were located in the quadrant with positive values of component 1 (high Coleoptera and low Lepidoptera) and negative values of component 2 (Hymenoptera and Homoptera). In contrast, those from the Nearctic present a pattern more broadly distributed among values for principal component 1 (medium to high Lepidoptera). The majority of genera in this region show positive values for principal component 2 (medium to high Hymenoptera or Homoptera), although 4 genera have negative values on this axis (Fig. 3) . No relation was observed between the classic bat guilds and the kinds of arthropods that were found in their diet.
In contrast, principal components analyses using guilds based on properties of prey (Fig. 3A) showed that genera considered to be in the same traditional guild, but living at different latitudes, have different orthogonal configurations. In particular, bats in the guild of aerial foragers using densely cluttered vegetation showed a wide range of values on principal axis 1, switching from Lepidoptera in the Nearctic to Coleoptera in the Neotropics. This was true even within the same genus, as was the case of Myotis represented in both geographical regions (Fig. 3B) .
Collectively, gleaning bats have negative values for the 2nd and 3rd axes in both principal component analyses (Corynorhinus, Idionycteris, Macrophyllum, Micronycteris, Mimon, Tonatia, and Trachops; Fig. 3B ). In contrast, Corynorhinus and Idionycteris from the Nearctic have negative values on axis 1, separating them from the same traditional guild in the Neotropics that shows positive values on this axis (Macrophyllum, Mimon, Phyllostomus, Tonatia, and Trachops; Fig. 3B ). Those tropical American bats foraging in uncluttered space register negative values on axes 1 and 3, with the exception of Eumops (Fig. 3B) and have positive values on axis 2 (along with Lasiurus, Nyctinomops, and Tadarida).
Based on the taxonomic affinities of prey, the 2nd PC analysis suggests 5 groupings of bat genera ( Fig. 3B; Table 3 ). These can be diagnosed as follows: 1) Lepidoptera dominant between 55% and 90%, and Coleoptera, Hymenoptera, and Orthoptera in similar proportions; 2) Coleoptera and Lepidoptera always present, but Lepidoptera not dominant. All other orders are in low proportions; 3) Lepidoptera always over 90%. Coleoptera and other orders comprise less than 10% of the arthropods in the diet; 4) Coleoptera or Orthoptera dominant. Lepidoptera and other orders in less than 10% of the arthropods in the diet; and 5) Coleoptera and Lepidoptera always present but Coleoptera dominant. All other orders are in low proportions.
In the 2nd PC analysis, based on prey characteristics (PC b ), only the first 2 components had significant eigenvalues greater than 1 and these explained 80.5% of the variation (Fig. 3B) . Variation of the 1st component is mainly explained by the consumption of weak-flying/weakly sclerotized arthropods and in the 2nd by apterous arthropods (Fig. 3B) . Most of the tropical American genera of bats had high consumption of strong-flying arthropods (positive values in CP1b, Fig. 3B ) with the exception of Myotis. Nearctic bats had high consumption of weak-flying arthropods (except Nycticeius and Perimyotis; Table 3 ; Fig. 4) .
Groupings of bat genera based on the vagility and exoskeletal hardness of prey are shown in Table 3 . Four groups are suggested, and they can be diagnosed as follows: 1) Prey weakflying-weakly sclerotized: more than the 50% of the arthropods in the diet are weak flying and almost 50% are weakly sclerotized; 2) Generalist prey (intermediate in flying abilities and sclerotization): no apterous prey and no other single prey characteristic occurs in more than 85% of the prey; 3) Prey strong-flying-heavily sclerotized: more than 2/3 of prey are both strong fliers and heavily sclerotized; and 4) Apterous prey with variable but no heavy sclerotization: at least 10% of prey apterous, with sclerotization varying from weak to moderate.
In the discriminant function analysis, using prey vagility characteristics, apterous and weak-flying prey as variables, we have found a significant grouping of the species (Table 4 , multivariate analysis of variance; Wilks' λ = 0.10820; F 9,46 = 7.6990; P < 0.0001). The discriminant function analysis based on the taxonomic affinities of the prey suggests 3 groupings of bat genera (Fig. 4) . These can be diagnosed as follows: 1) all Nearctic aerial foragers in uncluttered space and The 2nd discriminant analysis is dominated by the exoskeleton hardness variables, and only the characteristic "weakly sclerotized" contributed significantly to group discrimination (Table 4) . In this discriminant analysis, only 88% of bat genera were consistently identified to groups based on principal component analysis (Table 5) . Moreover, according to discriminant function analysis of exoskeletal hardness, Micronycteris was unexpectedly assigned to group 2, whereas the principal component analysis indicated it had membership in group 3. Also discriminant function analysis assigned Antrozous and Tonatia to group 4, whereas the principal component analysis placed them in group 3.
dIscussIon
Our results show that Nearctic bat predators of arthropods feed primarily on prey that belong to the holometabolous Orders Lepidoptera, Coleoptera, Diptera, Homoptera, and Hymenoptera. These Orders are the most diverse lineages of terrestrial arthropods (Hammond and Groombridge 1992; Trautwein et al. 2012) . Arachnids are only reported in the diet of bats in the families Phyllostomidae and Vespertilionidae, although the average consumption of spiders is greater than that of some insect orders such as Isoptera, Neuroptera, Odonata, and Trichoptera (Fig. 1) .
Analyses show that 4 insect orders (Lepidoptera, Coleoptera, Hymenoptera, and Orthoptera) contributed the most to explaining variation in diets among genera of bats. In analyses based on properties of prey, we found that there were differences in diet between the Nearctic and Neotropics. Bats from the tropics are characterized by a high consumption of Coleoptera, while in more northern regions more Lepidoptera are eaten (Supporting Information S2). The PC analysis found a negative relation between the consumption of Coleoptera and Lepidoptera. Another divergence in the diet composition observed between Nearctic and Neotropics was in the consumption of Hymenoptera, which was present in the diet of most Nearctic species, exceptions being Corynorhinus, Euderma, Idionycteris, and Mormoops (Supporting Information S1). On the other hand, Neotropical bats either did not consume Hymenoptera or did so only in an amount of less than 1 percent (Supporting Information S2).
Other analyses show that diets of Nearctic genera seem to include a broader spectrum of arthropods (more generalist) than those from tropical America (more specialist). This can be explained by 2 different but nonexclusive hypotheses. First, because there is a higher proportion of insectivorous bat species in the Nearctic than in the Neotropics (Wilson 1973; Hutson   Fig. 3. -Principal component analysis of the composition of the diet of arthropodivorous bat genera. A) Analysis based on the taxa of arthropod prey shows 5 clusters: cluster 1) Coleoptera, Hymenoptera, and especially Orthoptera; cluster 2) mainly Lepidoptera and Hymenoptera; cluster 3) mainly Lepidoptera (> 90% of the volume); cluster 4) low percentage of Hymenoptera and high percentage of Coleoptera and Orthoptera; and cluster 5) Coleoptera and little or no Hymenoptera. B) Analysis based on the characteristics of arthropod prey shows 4 clusters: cluster 1) primarily weak-flying arthropods; cluster 2) average consumption of weak-flying arthropods; cluster 3) low or no consumption of weak-flying arthropods; and cluster 4) highest consumption of apterous arthropods. Nearctic genera are in solid symbols, and Neotropical genera are in opens symbols. Guilds according to Schnitzler and Kalko (2001) : circles = aerial foragers in uncluttered space; triangles = aerial foragers in background-cluttered space (*probably belongs to this group); star = trawling in background-cluttered space; square = aerial foraging in highly cluttered space; diamond = gleaning in highly cluttered space. Genera abbreviations: Antrozous (Ant), Corynorhinus (Cor), Eptesicus (Ept), Euderma and Mickleburgh 2001), selection may favor species that are more opportunistic feeders taking advantage of diverse circumstances in prey availability. Vespertilionid species, for example, are all arthropodivorous and are more diverse in the Nearctic region (Hutson and Mickleburgh 2001; Patterson et al. 2003; Ramos-Pereira and Palmeirim 2013) . Instead of this large number of coexisting insectivorous species specializing so as to minimize competition (Hutchinson 1957; Schöener 1986) , an opportunistic strategy is favored. This pattern of opportunism holds even for those Neotropical genera for which arthropods are not a major part of their diet (Mimon, Tonatia, and Trachops) . This strategy may be abetted because tropical bats can switch to other resources such as carnivory when arthropods are scarce (Wilson 1973; Bonaccorso 1979; Humprey et al. 1983; Giannini and Kalko 2004) . The 2nd hypothesis is that this pattern of generalist arthropodivory could be plausibly related to the more seasonal variations in the availability of insect species in the Nearctic compared to less seasonal variation in the tropics. Of course tropical regions are often subject to seasonal changes in precipitation, but this pattern may induce less impact on the availability of arthropod prey for bats. Nearctic species are sometimes migratory and must adapt to arthropod faunas in different regions, and even nonmigratory species cannot use the same prey species over the entire growing season. Neotropical bats would often face similar seasonal changes in their arthropod prey but do not have to face migratory challenges. Other trophic niches such as piscivory, sanguivory, and nectarivory are represented in a few species living in transition biogeographic zones. The Neotropics, however, feature a great diversity in having 6 other guilds: piscivory, sanguinivory, nectarivory, frugivory, omnivory, and carnivory (Wilson 1973; Bonaccorso 1979; Humprey et al. 1983; Willig and Moulton 1989; Giannini and Kalko 2004) .
Previous studies indicate that the consumption of Lepidoptera is associated with high-flying bats. Presumably, this is because the echolocation calls of these bat species are less perceptible to moths, leaving the prey without a defensive response (Fenton and Fullard 1981; Rydell et al. 1995; Fenton et al. 1999 ). However, our data do not generally support this hypothesis. While aerial predators, such as Eptesicus, Eumops, Myotis, Noctilio, Perimyotis, Pteronotus, and Tadarida, are considered to be important predators of moths, their actual consumption of moths is less than 50% of their diet (Supporting Information S2). On the other hand, genera classified as gleaners such as Corynorhinus, Euderma, and Idionycteris have a consumption of Lepidoptera that is 92-95% higher than aerial foragers. These genera are defined as gleaning because they have morphological-ethological adaptations such as long ears, low wing loading, slow flight, high-altitude hawking (Wilson 1973; Freeman 1981; Norberg and Rayner, 1987; Barclay and Brigham 1991) . However, it is alternatively possible to attribute prey selection to differences in prey characteristics (Kober and Schnitzler 1990; Barclay and Brigham 1991; Dechman et al. 2006 ). In the case of moths, hearing sensitivity to different bat echolocation frequencies may be important (Fenton et al. 1999; Surlykke and Kalko 2008) . Moreover, according to Zeng et al. (2011) , the structure of scales on wings of moths could determine their capacity for absorbing echolocation signals, thus allowing them to be variously detectable by bats. Therefore, bats will likely show selective foraging based on detection characteristics associated with their prey.
In support of these findings, our principle component and discriminant function analyses show that there are 2 prey variables that are the most significant contributors to diet variation, and these are flight behavior and hardness of the exoskeleton. These results suggest completely different conclusions regarding the interpretation of diet composition from the previous taxonomically based perspective. We have found that Nearctic bats feed mainly on weak-flying and weakly sclerotized arthropods whereas in tropical America this type of prey is found only in low numbers. Previous studies signal that gleaning bats characteristically feed on flightless arthropods such as Arachnida and Chilopoda (Fenton 1974; Freeman 1981: Findley and Wilson 1982; Norberg and Rayner 1987; Willig and Moulton 1989) . However, our results indicate that only 4 genera in this guild (Antrozous, Corynorhinus, Macrophyllum, and Tonatia) and 3 in the aerial foraging guild (Lasionycteris, Myotis, and Perimyotis) Table 2 .-Groupings of bat genera based on the taxonomic composition of their diets. Letters in parentheses are guilds according to Schnitzler and Kalko (2001) : A (us) = Aerial in uncluttered space; A (bcs) = Aerial in background-cluttered space; A (hcs) = Aerial in highly cluttered space. G (hcs) = Gleaning in highly cluttered space; T (bcs) = Trawling in background-cluttered space. actually take this type of prey. It is probably significant that the species in the 3 aerial foraging guilds are all from the Nearctic. The consumption of apterous arthropods is not exclusive of gleaning bats, and not all gleaning bats consume this type of arthropods. Moreover, we found that arachnids are consumed in small quantities even by aerial bats (Supporting Information S2).
Based on our analyses, we characterize and propose 4 trophic guilds for bats that are arthropod predators. These categories are based on the prey characteristics. The 1st guild (Weak-flyingweakly sclerotized prey) includes bats that feed on the highest proportion of weak-flying arthropods (> 50%) and few or no apterous arthropods. These are aerial predator bats in the genera Lasiurus, Mormoops, Myotis, and Tadarida as well as some gleaning bats not previously grouped with them (Corynorhinus, Euderma, and Idionycteris). Bats in this guild emit narrowband frequencies and long duration calls that enable them to search for food in open or sparsely cluttered spaces (Neuweiler 1989; Waters and Jones 1995; Kalko et al. 1996; Kalko and Schnitzler 1998) . Bats in the 2nd guild (Generalists) feed mostly on weakly sclerotized arthropods with moderate mobility. This group corresponds to the bats of the genera Eptesicus, Noctilio, and Perimyotis that also feed to a lesser extent on weak-flying prey (between 10% and 30%). They can emit mixed echolocation signals that allow them to feed on the edge of vegetation or Table 3 .-Groupings of bat genera based on prey characteristics of vagility and exoskeletal hardness. Letters in parentheses are guilds according to Schnitzler and Kalko (2001) : A (us) = Aerial in uncluttered space; A (bcs) = Aerial in background-cluttered space; A (hcs) = Aerial in highly cluttered space; G (hcs) =Gleaning in highly cluttered space; T (bcs) = Trawling in background-cluttered space. (Wilson 1973; Hutson and Mickleburgh 2001; Kalko and Giannini 2004) . The last guild (Apterous prey) has the highest proportion of apterous arthropods in their diets (> 10% by volume), while the degree of prey sclerotization is variable. It includes Antrozous, Macrophyllum, and Tonatia. These genera emit broadband multiharmonic calls, allowing them to identify prey in highly cluttered spaces. This guild includes bats feeding on noninsect arthropods in addition to some insects. The traditional theoretical framework for the guild formation in bats is based mainly on their foraging behavior, which is influenced by the type of habitat and flight mode, but not the type of prey. Comparing our analysis of bat diet composition with usual guild membership shows that the aerial and gleaning guilds have different generic compositions under the 2 schemes. Moreover, in our prey characteristics analysis, we found aerial bats within the same genus and with the same diet composition, but foraging in uncluttered space or in background-cluttered space. Therefore, we find major conflicts between these previous guild arrangements.
Our results clearly demonstrate that the composition of the diet in arthropodivorous bats is different in Nearctic and Neotropics. We also found indications that foraging strategies are not adequately defined by the taxonomic composition of the diet, at least at the ordinal level. There are regional factors that help to define trophic groupings of bats and resource richness patterns that can improve our understanding of the observed patterns of diet composition. Our analysis based primarily on prey characteristics was generally more consistent with traditional guild categories than was the analysis based on the ordinal classification of prey. However, the diets of 4 genera (Corynorhinus, Euderma, Idionycteris, and Molossus) deviate completely from the traditional trophic guild nomenclature.
The categorization of species into guilds or functional groups can be accomplished according to similarities in the use of any type of resource (Root 1967; Simberloff and Dayan 1991; Blaum et al. 2011 ). However, we believe that data on diets are a critically important component of any useful guild classification. Current arrangements of bat guilds have been useful in calling attention to how habitat is used but have not led to an appropriate classification on the use of trophic resources. Since guild categories should potentially reflect how the partitioning of food resources relates to competition and other aspects of community structure, we urge that greater attention be given to directly assessing bat diets (Landres and MacMahon 1980; McNally 1983; Simberloff and Dayan 1991) . Since earlier classifications of bat guilds were mainly based on space-habitat use (Kalko et al. 1996; Schnitzler and Kalko 2001; Giannini and Kalko 2004; Denzinger and Schnitzler 2013) , and since we have documented that there is a poor correspondence between this approach and one based on diet, our proposed 4 trophic guilds seem preferable. These new guild guidelines do not discard the previous guild allocations but rather build incremental improvements on to a more comprehensive guild concept for arthropodivorous bats. Especially promising for the future are integrated approaches to bat trophic ecology, such as the work of Emrich et al. (2013) in which prey identification can be accomplished to much lower taxonomic levels, using the barcode of life with next generation DNA sequencing. This information can then be combined with analyses of morphology, echolocation, and characterization of habitat use and thereby synthesized into a more comprehensive understanding of bat niches. Rolfe et al. (2014) provide another example of how DNA sequencing techniques can be used to refine bat diets to the prey species level and hence to greatly improve the resolution of bat diets. It is our hope that these new molecular techniques will greatly aid in our common objective of improving our understanding of bat trophic guild structure and especially how it may vary in different parts of the world.
acknowledgMents
We thank M. de la Paz Cuevas for helping with data analyses. Financial support was provided by the Consejo Nacional de Ciencia y Tecnología of México (CONACYT grants 488818/278410/151189). lIterature cIted
